[5] builds upon these findings to show that the maintenance of a local pool of active ADF/cofilin proteins at the leading edge of a migrating cell is required for the cell to maintain an initial polarity and achieve sustained polarised protrusion in the direction of migration. This group previously showed that blocking the ability of actin filaments to depolymerise inhibits polarised (but not random) lamellipodium extension, suggesting that sustained polarised migration requires concomitant
rate of subunit loss from the pointed end of the actin filament, via ADF/cofilin's depolymerisation activity. Both properties can contribute to either increasing the turnover of the actin filaments or promoting growth from new filament ends, depending on the local availability of actin monomers. When bound to actin monomers, ADF/cofilin inhibits nucleotide exchange, consequently regulating the recycling of the monomer pool into ATP-actin (Figure 1) .
Because ADF/cofilin proteins can have such tremendous effects on actin filament dynamics, their regulation is understandably tightly coordinated in cells. For deactivation, the severing/depolymerising activity of ADF/cofilin is primarily regulated by phosphorylation on serine 3, which typically abolishes actin binding. Four kinases have been identified so far that specifically target that residue and block cofilin activity: LIM kinases 1 and 2, and TES kinases 1 and 2 [6] . All are rather ubiquitous, and appear to function downstream of the Rho-family GTPases, although probably not through the same pathway.
The pathway leading to dephosphorylation and thus activation of ADF/cofilin is less clear, but at least one phosphatase, Slingshot, has been identified recently that specifically dephosphorylates ADF/cofilin both in vivo and in vitro [7] . Another essential regulator of ADF/cofilins is pH, their depolymerising activity increasing upon alkalisation in vivo as well as in vitro [8] . In addition, ADF/cofilin activity is directly inhibited by phosphatidylinositol-4,5-bisphosphate (PIP 2 ) [9] , possibly under the control of a phospholipase Cmediated pathway .
Although it is generally agreed that ADF/cofilin proteins have an essential role in cell motility, the supporting evidence is still largely circumstantial. In vivo data have long been scarce because deleting or expressing functionally impaired mutants of ADF/cofilin in cells is usually lethal. Recently, the use of temperature-sensitive mutants of the Drosophila homologue of cofilin Twinstar has demonstrated that ADF/cofilin proteins are required for cell motility during development [10] , although their role in polarised migration remains confusing. Cofilin phosphorylation following LIM kinase activation appears essential for T-cell chemotaxis [11] , and levels of phospho-cofilin increase after transient alkalisation in motile cells [8] . But activation of cofilin is clearly required for the initial phase of chemoattractantmodulated protrusion [12, 13] .
The work of Dawe et al. [5] builds upon these findings to show that the maintenance of a local pool of active ADF/cofilin proteins at the leading edge of a migrating cell is required for the cell to maintain an initial polarity and achieve sustained polarised protrusion in the direction of migration. This group previously showed that blocking the ability of actin filaments to depolymerise inhibits polarised (but not random) lamellipodium extension, suggesting that sustained polarised migration requires concomitant depolymerisation in the lamellipodium [14] . Their latest work now shows that phospho-cofilin, the inactive form, is below detectable levels in the sub-membranous compartment at the edge of polarising lamellipodia. They then altered the total level of inactive (phosphorylated) ADF/cofilin by overexpressing either constitutively active LIM kinase or a pseudophosphorylated form of ADF/cofilin. In both cases, the increase in phospho-ADF/cofilin resulted in loss of cell polarity, and the smaller lamellipodia still present around the cell perimeter were enriched in phospho-ADF/cofilin, as opposed to the non-phosphorylated ADF/cofilin seen in polarising lamellipodia.
How can cells spatially restrict a pool of active ADF/cofilin to the leading edge? Physiological signals that generate cell polarity are known to be accompanied by meaningful localised changes in intracellular pH. This phenomenon is further amplified at or near the membrane in the lamellipodium, where frequent ion transients can create microdomains where pH changes are much greater than those measured globally [15] . An initial polarising stimulus, such as the creation of a wound in a monolayer, can trigger a transient, spatially restricted, intracellular alkalisation which can modulate ADF/cofilin behaviour [8] . The consequent increase in ADF/cofilin depolymerisation/severing activity could locally increase the level of monomeric actin in cells, where G actin is limiting, and increase the density of barbed ends in cells with abundant G actin, further fuelling lamellipodial extension [4, 13] , and thereby creating a 'leading edge'. ADF/cofilin's depolymerising activity would decrease as the pH drops back to normal, and regular actin polymerisation and treadmilling could resume to sustain protrusion activity.
It is thus tempting to speculate that a transient burst in ADF/cofilin activity at the leading edge is the major determinant of protrusion initiation and cell polarisation. This idea is supported by earlier data demonstrating that transient ADF/cofilin severing activity at the leading edge is necessary for lamellipodium extension [12, 13] . Such unique 'cofilin-friendly' intracellular microdomains can also be perpetuated in the cells thanks to the spatial restriction of actin and actinbinding protein isoforms [16] . In particular, tropomyosin, an F-actin-binding protein, has recently been shown not only to stabilise actin filaments, but also to directly antagonise the function of ADF/cofilin proteins (reviewed in [17] ). New findings showing that tropomyosin is excluded from the sub-membranous compartment at the leading edge of growing lamellipodia [18] provide further insights into how it could help to spatially restrict ADF/cofilin activity to the protruding rim of a forming lamellipodium.
How is ADF/cofilin maintained in the non-phosphorylated active state at the leading edge? On the basis of previous data suggesting that the amount of monomeric actin at the leading edge is limited [19] , and that the level of phosphorylation of ADF/cofilin proteins rises with increasing amount of monomeric actin in the cells [20] , one might envisage some feedback mechanism by which rapid polymerisation at the leading edge maintains low levels of monomeric actin, which in turn maintains ADF/cofilin in an active/dephosphorylated state and allows -through severing/depolymerisation -for a continuous supply of monomers to fuel the protrusion. As this mechanism would be spatially restricted to the rapidly polymerising filaments at the leading edge, it could help to sustain the polarity of the protrusion. While the answer to the first of these two questions is still unclear, Dawe et al. [5] propose for the second that the different mechanisms for lamellipodial protrusion are distinguished by the way the actin monomers are supplied for polymerisation. In migrating cells, rapid treadmilling of actin filaments provides the monomers necessary for protrusion, whereas in nonmigrating cells the supply comes from monomer stores [14] . Thus, only the former mechanism would strongly depend on ADF/cofilin activity. Clearly we still have a lot more to learn about the molecular mechanisms regulating actin polymerisation in vivo, and we are now facing challenging times in unravelling in detail the biology of directed cell locomotion.
